J) 



Europ31«ches PatenUmt 
Europoan Patent Office 
Office ourop^n des brevets 





® 



0 Publication number: 0 441 519 A1 

EUROPEAN PATENT APPUCATION 



@ Application number : 91300684.7 
{§) Date of fHing : 30.01.91 



@ int Cl.^ B29C 67/14, B32B 5/24, 
B29C 63/00. // E04C5/07 



@ Priority : 30.01.90 JP 19927A90 
30.01.90 JP 19928/90 
10.04.90 JP 94436^0 
10.04,90 JP 94437/90 
10.04.90 JP 94438/90 

12.10.90 JP 275049/90 

@ Date of publication of application : 

14.08.91 Bulletin 91/33 

@) Designated Contracting States : 
DE PR GB IT 

@ Applicant : Tonen Corporation 

1.1,Hltotauba8hl, 1-Chome Chlyoda-Ku 
Tolcyo (JP) 



(72) Inventor : Salto, Makoto, c/o Tonon Corp.. 
Corporate Res. 

and Development Lab., 3-1 Nlehl-teuragaoka 
1-chome 

OUnachl. Iruma-gun, SaHama-ken (JP) 
Inventor : Takezawa, Makolo, c/o Tonen Corp.. 
Corporate Res. 

and Development Lab., 3-1 Nlshl-tsuragaoka 
1-chome 

Ol-machi. Iruma-gun, Sattama-ken (JP) 
Inventor : Inoue. Hlroshl, c/o Tonen Corp.. 
Corporate Res. 

and Development Lab., 3-1 Nlshl-tsuragaoka 
1-chom« 

Oknachl. Iruma-gun. Sattama-ken (JP) 

(14) Representative : Harvey. Davkl Gareth et al 
Graham Watt 8i Co. Rh^erhead 
Sevencaks Kent TN13 2BN (GB) 



@) Reinforcing m>er sheet, method of manufacturing the same, and method of reinforcing structure with 
the reinforcing fiber sheet 

g?) A reinforcing fiber sheet (1) suitable for reinforcing e.g. a bridge or elevated roadway components 
comprises a support sheet (2) to whteh reinforcing fibers (4) are adhered by an adhesive intervening 
layer (3) the fibers (4) being arranged in one direction on at least one surface of the support sheet (2). 
The reinforcing fibers can have disslm«ar properties. Two types of fiber can be used : one type (4) 
comprises rigid reinforcing fibers e.g. having a modulus of elasticity of 6 ton/mm^ ©r more, whie the 
second type (6) comprises tough reinforciog fibers having a rupture elongation of at least 1.2% and at 
least 20% greater than that of the first fibers. The different types of fibers (4, 6) can be placed and 
adhered on the respective opposite sides of the support sheet (2). 
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REINFORCING FIBER SHEET, METHOD OF MANUFACTURING THE SAME, AND METHOD OF 
REINFORCING STRUCTURE WITH THE REINFORCING FIBER SHEET 



Field of the Invention ; 

The present invention relates to a reinforcing fiber sheet which can easily be handled at a reinforcement 
site where structures, such as bridges or elevated roads, are reinforced using fiber reinforced plastics arKi which 
5 enables the reinforcement strength of the structure to be Increased, a method of manufacturing such a reirn 
forcing fiber sheet, and a method of reinforcing stmctures using the sheet 

Reinforcement of bridges and piers of elevated roads using fiber reinforced plastics has been practiced. 

The foflowing reinforcing methods have been known : 

(1) The method in which a set fiber reinforced piastlc is adhered to the portion of a pier to be reinforced. 
10 (2) The method in which a prepreg is adhered to the portion of a pier to be reinforced, a press tape is coated 

on the prepreg to prevent defonmation which occurs during the thermosetting, arui then the prepreg is 
caused to themr>oset to make K a fit>er reinforced plastic. 

(3) The method in which a doth made of reinforcing fibers is wound around the portion of a pier to be rein- 
forced, the doth is impregnated with a roonvtemperature setting type matrix resin, a press tape is coated 
15 on the doth, and then the matrix resin is left to set and make it a Hber reinforced plastic 

However, the method itemized by (1) cannot be conducted on the curved portk)n of the pier, atthough ft 
assures effective reinforcennent efficiency. 

The method itemized by (2) has a disadvantage In that it requires thermosetting of the prepreg adhered to 
the portion of the pier to t>e reinforced at the reinforcement site. 
20 The doth employed in the method itemized by (3) is obtained by, for example, plainly or diagonally weaving 

reinforcing fibers, and is thus characterized in that it is weak at the intersections of warps and wefts. Hence, 
the doth cannot assure sufficient reinforcement effect when It is made into a fiber reinforced plastic. 

In another reinforcing method, reinforcing filaments impregnated with matrix resin are wound around the 
portion of the pier to be reinforced by the filament winding process and then thermoset to make k a fiber rein- 
25 forced plastic at the site. However, the stmctures on which this method can be performed are restricted, and 
expensive equipment is required. Hence, this method Is not practical. 

SUMf^ARY OF THE INVENTION 

30 In view of the aforementioned problems of the conventional fiber reinforced plastics, an object of the present 

invention is to provide a reinforcing fiber sheet which can easily be handled at the reinforcement site where 
stmctures, such as bridges or elevated roads, are reinforced using fiber reinforced plastics, and which enat>les 
reinforcement strength to be increased. 

Another object of the present invention is to provide a method of manufacturing such a reinforcing fiber 

35 sheet 

Another object of the present invention is to provide a method of reinfordng structures using such a rein- 
forcing fiber sheet 

To achieve the aforementioned objects, the present invention provides a reinforcing fiber sheet which com- 
prises a support sheet, and reinforcing fit}ers arranged in one directton on at least one surface of the support 
40 sheet with an adhesive layer therebetween. Rigid first reinforcing fibers and tough second reinforcing fit>er5 
may be used as the reinforcing fil>ers. The support sheet may be of the resin-penetrat>le type. A curing 
accelerator for accelerating setting of a roonvtemperature setting type matrix resin which is corKiucted due to 
the presence of a curing agent may t>e present In the adhesive layer. 

The present invention further provides a method of manufacturing a reinforcing fiber sheet in which rein- 
45 forcing fibers are arranged in one direction on at least one surface of a support sheet with an adhesive layer 
provided theret>etween. The method comprises the step of adhering the reinfordng fibers to at least one surface 
of the support sheet by means of the adhesive layer. 

In one preferred fbnm of the manufacturing method of the present Invention, the reinfordng fit>er sheet In 
which the reinfordng fibers are arranged in one direction on the at least one surface of the support sheet through 
50 the layer of adhesive ie manufactured by aligning t>undles of the reinfordng fibers in orte direction on the adhe- 
sive layer apart from each other or dose to each other and then by pressing the fit>er bundles from above so 
as to adhere the reinforcing fibers to the adhesive layer In a slightiy unfastened state. 

The present invention further provides a method of reinfordng a structure which comprises the stops of 
attaching to a surface of a portion of the structure to t>e reinforced at least one reinforcing fiber sheet comprising 
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a support sheet and reinforcing fibers arranged in one direction on at least one surface of the support sheet 
with an adhesive layer therebetween, and setting a room-temperature setting type matrix resin Impregnated in 

6 the reinforcing fibers. 

The reinforcing fibers may be impregnated with the matrix resin by coating the matrix resin on the reinforcing 
fiber sheet before the reinforcing fiber sheet is attached to the surface of the portion of the structure to be rein- 
forced. Alternatively, the reinforcing fibers may t>e impregnated with the matrix resin by coating the matrix resin 
on the surface of the structure to be reinforced and then by attaching the reinforcing fit>er sheet to the surface 

10 of the portion to be reinforced. Alternatively, the reinforcing fibers may be impregnated with the matrix resin by 
attaching the reinforcing fit>er sheet to tt>e surface of the structure to be reinforced and then by coating the matrix 
resin on the reinforcing fiber sheet 

The Invention wfll now be described In more detail by way of example only with reference to the accom- 
panying drawings, in which : 

15 Fig. 1 is a cross-sectional view of a first embodiment of a reinforcing fiber sheet according to the present 

invention ; 

Fig. 2 (a) is a cross-sectional view showing one example of how to align bundles of reinforcing fibers when 
the reinforcing fiber sheet shown In Fig. 1 is manufactured ; 

Fig, 2 (b) Is a cross-sectionai view showing the arrangement of the reinforcing fibers obtained from the fiber 
20 bundles shown in Fig. 2 (a) ; 

Fig, 3 (a) is a cross-sectional view showing another example of how to align bundles of reinforcing fit>ers 
when the reinforcing fiber sheet shown in Fig. 1 is n^nufactured ; 

Fig. 3 (b) is a cross-sectional view showing the arrangement of the reinforcing fibers obtained from the fiber 
bundles shown in Fig. 3 (a) ; 
25 Fig. 4 shows one example of a method of manufacturing the reinforcing fiber sheet of Fig. 1 ; 

Fig. 6 shows one form of a reinforcing method in the first embodiment ; 
Fig. 6 shows another form of the reinforcing method in the first embodinwnt ; 
Fig, 7 shows another form of the reinforcing method In the first embodiment ; 

Fig. 6 is a cross-sectional view of a second embodiment of the reinforcing fiber sheet according to the pre- 
30 sent invention ; 

Fig, 9 Is a graph schematically showing a stress-elongation strain curve of a fit>er reinforced plastic when 
a vertical ioad is applied to the surface of the hytwid filler reinforced plastic obtained from a hytuid rein- 
forcing fiber sheet on which rigid and tough reinforcing fibers are provided on the two surfaces of a support 
sheet ; 

35 Fig. 10 Is a graph similar to Fig. 9 for a fiber reinforced plastic obtained from a reinforcing filler sheet on 

which one type of reinforcing fibers which is more rigid but less tough than the reinforcing fibers employed 
in Fig. 9 is provided on the two surfaces of the support sheet ; 

Fig, 1 1 (a) is a cross-sectional view showing one example of how to align bundles of reinforcing fibers when 
the reinforcing fiber sheet shown in Fig. 8 Is manufactured ; 
40 Fig. 1 1 (b) is a cross-sectional view showing the arrangement of the reinforcing fibers obtained from the 

fiber bundles shown in Fig. 11 <a) ; 

Fig. 12 (a) is a cross-sectional view showing another example of how to align tnjndles of reinforcing fibers 
when the reinforcing fiber sheet shown in Fig. 8 is manufactured ; 

Fig. 12 (b) Is a cross-sectional view showing the aoangement of the reinforcing fibers obtained from the 
45 rit>er bundles shown in Fig. 12 (a) ; 

Fig, 13 shows one example of a method of manufacturing the reinforcing fit>er sheet of Fig. 8 ; 

Fig. 14 is a cross-sectional view of a third emk>odiment of the reinforcing fiber sheet according to the present 

invention ; 

Fig. 1 5 (a) is a cross-sectional view showing one example of how to align bundles of reinforcing fibers when 
50 the reinforcing fiber sheet shown In Fig. 14 is manufactured ; 

Fig. 1 5 (b) is a cross-sectional view showing the arrangement of the reinforcing fibers obtained from the 
fiber btjndles shown In Fig. 15 (a) ; 

Fig. 16 (a) is a cross -sectional view showing another example of how to align bundles of reinforcing fibers 
when the reinforcing fiber sheet shown in Fig. 14 Is manufactured ; 
55 Fig. 16 (b) is a cross^ectlonal view showing the arrangement of the reinforcing fibers obtained from the 

Tiber tnindles shown In Fig. 16 (a) ; 

Fig. 17 shows one example of a method of manufacturing the reinforcing fiber sheet of Fig. 14 ; 
Figs. 18 (a) and 18 (b) are cross-sectional views showing reinforcing fiber sheets employed In the fourth 
en^bodiment of the reinforcing n>ethod according to the present Invention ; 
Fig. 19 shows one form of the reinforcing method In the fourth emt)odiment ; 
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Fig. 20 shows another form of the reinforcing method in the fourth embodiment ; and 
Fig. 21 shows another form of the reinforcing method In the fourth emt>odim6nL 
5 Embodiments of the present invention will now t>e described with reference to the accompanying drawings. 

First Embodiment 

Ftg. 1 is a cross-sectional view of a first embodiment of a reinforcing fiber sheet according to the present 
10 invention, 

A reinforcing fiber sheet 1 is connposed of a support sheet 2, and reinforcing fibers 4 an^nged In one direc- 
tion on one of the surfaces of the support sheet 2 with an adhesive layer 3 therebetween. The reinforcing fiber 
sheet 1 is hence a unidirectional reinforcing fil)er sheet The reinforcing fiber sheet 1 is employed for reinfor- 
cement with the reinforcing fibers 4 Impregnated with a room-tenrperature thermosetting type matrix resin at 

IS the reinforcement site such as a bridge or an elevated road. 

The support sheet 2 of the reinforcing fiber sheet 1 may be made of a scrim cioth, a glass doth, a sheet 
of release paper or a polymer film. Generally, it is not necessary for a resin-penetrable type support sheet 2 to 
be used. However, when It is desired to impregnate the reinforcing fibers 4 with the matrtx resin from the side 
of the sheet 2, a sheet 2 made of a scrim doth or a glass doth is used. To provide a sheet 2 which is flexible 

20 and which Is strong enough to support the reinforcing fibers 4, the thickness of the sheet 2 is set t>etween 1 
and 500 ^m. more preferat>ty. between 5 and 100 ^m. 

Although any adhesive can be used to fomn the adhesive layer 3 of the reinforcing fit>er sheet 1 so long as 
it can adhere the reinforcing fibers 4 to the support sheet 2 at least temporarily, an adhesive nrtade of a resin 
which exhibits compatibility with respect to the matrix resin is preferat>ly used. For example, in a case when 

25 an epoxy or unsaturated polyester resin is used as the matrix resin, an adhesive made of an epoxy resin is 
desirably used. The preferred thickness of the adhesive layer 3 is from 5 to 100 jim, with more preferred thick- 
ness being from 10 to SO ^m. 

An adhesive layer having such a thickness is capable of adhering the reinforcing fibers 4 at least temporarily. 
A plurality of bundles of filaments or reinforcing fibers 4 converged using a sizing agent or due to slight 

30 twisting are placed on the adhesive layer 3 and then pressed from above to make the reinfordng fibers 4 slightly 
unfastened. In this way, the reinforcing fibers 4 are adhered to the support sheet 2 through the adhesive layer 
3 in a state where they are piled in a plurality of layers due to the presence of the sizing agent or due to the 
twisting and where they are arranged In one direction. The unidirectional reinforcing fit>er sheet 1 of the present 
emt>odiment is thus obtained. 

35 The bundles 4A of fibers 4 may t>e initially aligned in the longitudinal direction on the support sheet 2 with 

the adhesive layer 3 therebetween In such a manner that they are dose to each other with no gap in the lateral 
direction, as shown Fig. 2(a). and then pressed from at>ove so that the lower portions thereof can be adhered 
to the support sheet 2 with the adhesive layer 3, as shown in Fig. 2(b), to provide the reinforcing fibers 4 on 
the support sheet 2 dose to each other in the lateral direction thereof. Aftematively, the bundles 4A of fit>ers 4 

40 may be aligned in the longitudinal direction on the support sheet 2 with the adhesive layer 3 therek>etween In 
such a manner that they are separated from each other in the lateral direction, as shown In Fig. 3 (a), and then 
pressed from at>ove so that the lower portions thereof can be adhered to the adhesive layer 3, as shown in 
Fig. 3 (b). to provide the reinforcing fibers 4 on the support sheet 2 apart from each other In the lateral direction 
thereof. 

45 The bundles 4A of fibers 4 may be used bundles of fibers, i.e., tnjndles of filaments, on which filamentation 

is conducted between the filaments or alternatively bundles of filaments on which filamentation is not conducted 
between the fBaments. The degree of pressing of the tHjndles 4Aof fit>ers 4 is determined by a desired thickness 
of the plurality of layers of reinforcing fibers 4. In the case of carbon fiber bundle which is about 12000 cart>cn 
fiber filaments each having a diameter of 5 to 15 ^m, the cart>on fibers may be crushed to a degree which 

so ensures that they have a lateral wMth of at>out 5 mm. 

Suitable examples of the reinforcing fit>ers 4 indude pitch type cart>on fibers, boron fibers, PAN type carbon 
fibers, aramld tit>ers. glass f1t>ers, steel fit>ers. polyester fit>ers, and polyethylene fibers. 

The unidirectional reinforcing fiber sheet 1 described above can continuously be manufactured In the man- 
ner shown, for example. In Fig. 4. 

£5 More spedfically. after an adhesive is coated on a support sheet 2 supplied from a sheet supply roll 26 by 

means of an adhesive coating roll 27 to form the adhesive layer 3, the sheet 2 Is fed to a pressing portion 39 
in which a pair of pressing rollers 38a and 38b are provided separate from each other. Concurrently with this, 
the fit>er txjndles 4A of the reinforcing fit>ers 4 and a sheet of release paper 29 from a release paper roll 30 are 
fed into the pressing portion 39 where the fiber bundles 4A are aligned on the adhesive layer 3 on the sheet 2 
in one direction and then the release paper 29 is placed on the fiber bundles 4A. In that stale, the reinforcing 
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fiber sheet 2 is pressed by means of the pressing rollers 38a. 38b and a support plate (not shown) so as to 
press the fiber bundles 4A8nd thereby adhere the slightly unfastened reinforcing fibers 4 to the sheet 2 through 

5 the adhesive layer 3. Thereafter, the release paper 29 Is rolled on a release paper roll 31, ar>d the reinforcing 
fibers 4 are covered with a cover film 33 supplied from a film supply roll 32. when necessary. In this way. the 
reinforcing fiber sheet 1 with the reinforcing fibers 4 arranged in one direction on the support sheet 2 through 
the adhesive layer 3 is continuously manufactured. The obtained sheet 1 is rolled on a sheet roll 34. 

As stated at>ove, the unldirectionally arranged reinforcing fiber sheet 1 according to the present invention 

10 is used for reinforcement with the reinforcing fibers 4 impregnated with the roonrvtenr^erature setting type matrix 
resin. Impregnation of the reinfordng fibers 4 is conducted at the reinforcement site. An epoxy or unsaturated 
polyester resin to which a curing agent or curing accelerator is added for the purpose of nriaklng the resin set 
at room temperatures is used as the room-temperature setting type matrix resin. 

According to the present invention, reinforcement of structures using the unldirectionally arranged reinforo- 

15 ing fiber sheet 1 is conducted In the manner described t>elow. 

More specfficafly, In one preferred fonm of the present invention, a roon>-temperature setting type matrix 
resin is coated on the reinforcing fibers 4 of the unldirectionally arranged reinforcing fit>er sheet 1 by means of 
adequate coating means, such as a roller, a brush or by spraying, at the reinforcement sites of stfvctures. such 
as bridges or the piers of elevated roads. Thereafter, the reinfordng fiber sheet 1 is attached to a portion 15 

20 to be reinforced with the reinforcing fibers 4 facing the portion 15 to be reinforced, as shown In Fig, 5. After a 
desired number of sheets 1 have been pfled. impregnation operation of the matrix resin b further conducted 
using a hand roller or the like. Subsequently, the sheets 1 are covered with a press tape and then left untouched 
for a while to make the matrix resin set and thereby make the sheet 1 a fiber reinforced plastic, in this way, 
reinforcerr^ent of a structure using the fit>or reinforced plastic is performed. 

25 In another preferred form of the present invention, a roonvteoHJOfature setting type nrwtrix resin 18 is coated 

on the portion 15 to be reinforced to a thickness of, for exannple. about 100 ^m. as shown in Fig. 6. and a desired 
numl>er of unidirectwnally arranged reinforcing fiber sheet 1 are piled and pressed with the reinforcing fifc>ers 
4 facing the portion 15 to t>o reinforced, by which the sheets 1 are attached and at the same time the reinforcing 
fibers 4 are Impregnated with the matrix resin 18. In that case, each time the sheet 1 is placed on the previously 

30 placed sheet 1 , the matrix resin may be coated on the support sheet 2 of the prevtously placed sheet 1 . There- 
after, the sheets 1 are covered with the press tape, and then left for a whHe to make the matrix resin set and 
thereby make the sheets 1 fit>er reinforced plastics. In this way. reinforcement of structures using the fiber rein- 
forced plastic is conducted as In the aforementk>ned case. 

In another preferred fonm of the present inventk>n, a unidlrecttonally arranged reinforcing fiber sheet 1 with 

35 a restn-penetrat>le type support sheet 2 is used. As shown In Fig. 7. a resin of the same type as the matrix 
resin is coated on the portion 15 to be reinforced as a primer 16, and a desired number of sheets 1 are then 
piled on top of one another on the primer 16. Thereafter, the roonvtemperature setting matrix resin 18 is coated 
on the support sheet 2 of the outenrrKSSt sheet 1 e.g. by means of a roller. The matrix resin penetrates the sheet 
2 and then enters the reinfordng fibers 4. Thereafter, the sheets 1 are covered with the press tape, and then 

40 left untouched for a while for the matrix resin 18 to set and thereby make the sheets 1 solkJ fiber reinforced 
plastics. In this way. reinforcement of structures using the fiber reinforced plastics is conducted, as In the case 
of the aforementioned cases. 

In the atKDve-described reinforcement methods, when structures, such as bridges or elevated roads, are 
reinforced using fiber reinforced plastics, the reinforced fiber sheet 1 on which the reinforced fibers are arranged 

45 on the support sheet 2 in one direction Is used. The reinfordng fibers 4 are impregnated with a room-temperat- 
ure setting type matrix resin at a reinforcement site to make the sheet 1 ready for use. The sheet 1 impregnated 
with the matrix resin is attached to the portion to t>e reinforced and left untouched to make the matrU resin set 
and thereby make the sheet 1 a fiber reinforced plastic. Consequently, a troublesome ¥«>fk of thermosetting 
the matrix resin can be eliminated and workability of reinforcement of structures using the Tiber reinforced plas- 

50 tics can thus t>e improved. 

Furthermore, since the reinforcing flt>ers 4 are arranged In one direction, reductk>n in the strength of the 
fiber reinforced plastic, which would occur when the reinforcing fibers 4 are woven Into a doth, can be elimi- 
nated, and the reinforcenwnt strength can thus t>e Increased. Furthenmore, after the sheet 1 Is attached to the 
portk>n to be reinforced, the matrix resin is set As a result, the sheet 1 can also be applied to a curved portton 

55 to be reinforced. 

In the atxive-described examples of the reinforcement method, the reinfordng fiber sheets 1 are piled one 
on top of another with the reinfordng fibers 4 facing the portion 15 to be reinforced. However, the reinforcing 
fiber sheets 1 may also be piled with the support sheet 2 facing the portion 15 to be reinforced. Furthermore, 
in the above examples of the reinforcement method, the room-temperature setting type matrix resin Is left for 
setting. However, setting of the matrix resin msy also be accelerated by heating. 
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Second Embodiment 

5 Fig. 8 Is a cross-sectional view of a second embodiment of the reinforced fiber sheet according to the pre- 

sent invention. 

The reinforcing fiber sheet 1 is composed of the support sheet 2. rigid first reinforcing fibers 4 adhered to 
one of the surfaces of the support sheet 2 through the adhesive layer 3 in a state where ki they are arranged 
in one direction, and tough second reinforcing fibers 6 adhered on the other surface of the support sheet 2 

10 through the adhesive layer 3 in a state wherein they are arranged in one direction. The reinforcing fiber sheet 
1 hence employs hybrid reinforcing fibers. Other structures of the reinforcing fiber sheet 1 of this embodiment 
are the same as those of the first emt>od)ment. In Rg. 8, the same reference numerals are therefore used to 
denote parts which are the same as those shown in Fig. 1. 

In the present invention, the reinforcing fiber sheet 1 is formed as a hybrid sheet by providing the rigid first 

15 reinforcing fibers 4 on one of the surfaces of the support sheet 2 and by providing the tough second reinforcing 
fibers 6 on the other surface of the support sheet 2 for the purpose of increasing the fracture strength or energy 
and thereby reducing generation of cracks by the presence of the rigid frst reinforcing fibers 4 and for the pur- 
pose of increasing the fracture toughness of the structure and thereby postponirig fracture by the presence of 
the tough second reinforcing fibers 6 when the reinforcing fiber sheet 1 is used for reinforcing structures In the 

20 form of a fit>er reinforced plastic. 

Fig. 9 is a graph schematically showing a stress-strain curve of a fiber reinforced plastic which Is obtair>ed 
when a vertical load is applied to the surface of a hybrid fiber reinforced plastic obtained by providing the rigid 
and tough reinforcing fibers on the two surfaces of the reinforcing fiber sheet Fig. 10 is a graph sImBar to Fig. 
9, showing a stress-strain curve of a fiber reinforced plastic obtained by providing on the two surfaces of the 

25 reinforcing fit>er sheet one type of reinforcing fibers which are more rigid and less tough than the reinforcing 
fibers employed in Fig. 9. 

In the case of the hybrid fiber reinforced plastic, although stress a thereof is not so large as that of the non- 
hybrid fiber reinforced plastic, the strain e is large, as shown in Fig. 9. After the initial rupture of the rigid rein- 
forcing fibers, the tough reinforcing fibers stretch greatly and thereby postpones final rupture of the tough 

30 reinforcing fit>ers. The fracture energy indicated by the area surrounded by the curve in Fig. 9 is large. That Is. 
the time required for the entirety of the fiber reinforced plastic to repture is long. 

In the case of the non-hybrid fiber reinforced plastic, although stress o Is large, strain e is small, as shown 
in Fig. 10. The final rupture occurs invnediatety after fracture of reinforcing fibers is started. 
The fracture energy indicated by the area surrounded by the curve in Fig. 10 Is snnall. i.e.. the time required 

35 for the entirety of the fiber reinforced plastic to rupture is short 

Hence, the use of a hybrid fiber reinforced plastic, obtained by using the reinforcing fiber sheet 1 with two 
types of reinforcing fibers, the rigid reinforcing fibers and the tough reinforcing fibers, increases the fracture 
energy of the structure and thereby reduces generation of cracks. At the same time, the use of the hytxid fiber 
reinforced plastic Increases the fracture toughness of the structure and thereby postpor>es fracture after gen- 

40 eration of cracks in the structure. It is therefore possible to assure safety of reinforcement of structures using 
the fiber reinforced plastk:s. 

In practice, rigid frst reinforcing fit)ers 4 having a nwdulus of elasticity of 5 ton/mm^ or above are preferred. 
Tough second reinforcing fibers 6 havir>g an elongation at rupture of 1.2% or atxjve which is higher than the 
elongation at rupture of the first reinforcing fibers 4 by 20% or above are preferably used. First reinforcing fibers 

45 4 having a modulus of elasticity of less than 6 ton/mm^ cannot sufficiently increase the fracture strength of the 
structure. Second reinforcing fibers 6 having an elongation at rupture of less than 1 .2% which Is not higher than 
the elongation at rupture of the first reinforcing fibers 4 by 20% or above cannot increase the fracture toughness 
of the structure sufficienUy. 

The reinforcing fibers 4 and 6 may be pitch type carbon fibers, boron fibers. PAN type carbon fibers, aramid 

so fibers . glass fibers, steel fibers, polyester fit>ers or polyethylene fibers, if they are combined to satisfy the above 
properties. 

When the reinforcing fiber sheet 1 is manufactured, the fiber bundles 4A and 6A of the reinforcing fibers 4 
and 6 are aligned on the adhesive layers 3 fonT>ed on the two surfaces of the support sheet 2 dose to each 
other or apart from each other, as shown In Figs. 11 (a) and 12 (a), as In the case of the first enrUKxJiment Figs. 
55 11 (b) and 12(b)respectivelyshowthearrangementof the reinforcing fibers 4 and 6 obtained from the al»gnrr>ent 
of the fiber txjndles 4A and 6A shown In Figs. 1 1 (a) and 12 (a). 

The hytnid reinforcing fiber sheet 1 described above can be nDdnufactured continuously In the manner 
shown in. for example. Fig. 13. 

After an adhesive is coated on the two surfaces of the support sheet 2 supplied from the sheet supply roll 
26 by means of adhesive coating roll 27a and 27b to form the adhesive layers 3, the sheet 2 is fed into a pressing 
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portion 39. At the same lime, the rigid first reinforcing fiber bundles 4A and the tough second reinforcing fiber 

bundles 6A are respectively fed from reinforcing fiber supply rolls 20a and 20b into the pressing portion 39 where 
5 they are aligned in one direction on the adhesive layers 3 on the two surfaces of the sheet 2. Also, sheets of 

release paper 29a and 29b are respectively fed from release paper rolls 30a and 30b into the pressing portion 

39 where they are placed on the fiber bundles 4A and 6A. 

In the pressing portion, the fiber bundles 4A and 6A are pressed and thereby adhered to the respective 

surfaces of the sheet 2 through the adhesive layers 3 in a slightly unfastened state by nrwans of the pair of 
10 pressing rollers 38a and 38b. Thereafter, the sheets of release paper 29a and 29b are respecUvely rolled on 

release paper nAs 31 a and 31 b. by which a hybrid reinforcing fiber sheet 1 with the rigid first reinforcing fibers 

4 and the tough second roinforcing fibers 6 respectively disposed on the two surfaces of the support sheet 2 

through the adhesh^e layers 3 In one direction Is obtained. 

After the reinforcing fibers 4 and 6 of the reinforcing fiber sheet 1 are respectively covered with cover films 
15 33a and 33b respecthrely supplied from film supply rolls 32a and 32b. when necessary, the reinforcing fiber 

sheet 1 is rolled on the sheet roll 34. 

Reinforcement of structures using the hybrid reinforcing fiber sheet 1 Is conducted in the 8an>e nnanners 

shown In Rgs. 5 to 7. 

According to the reinforcing method which uses the reinforcing fiber sheet 1 of this embodir7>ent, a troul>- 

20 lesome work of thermosetting the matrix resin at the reinforcement cite can be eliminated, and workability of 
the reinforcement of structures using the fiber reinforced plastic can thus be enhanced, as In the case of the 
first embodiment Furthemrwe. reinforcement strength can be increased, and reinforcement of a curved portion 
is made possible. Furthemiore, in this embodiment, since the first reinforcing fibers 4 of the reinforcing fiber 
sheet 1 have a modulus of elasticity of 5 tons/mm^ or above while the second reinforcing fibers 6 have an elon- 

25 gallon at rupture of 1 .2% or above which Is higher than the elongation at rupture of the first reinforcing fibers 
4 by 20% or above, the use of a resultant hybrid fiber reinforced plastic Increases the fracture strength of the 
stnjcture and thereby reduces generation of cracks due to the presence of the rigid first reinforcing fibers 4 
and Increases the fracture toughness of the stmcture and thereby postpones rupture of thestnjcture due to the 
presence of the tough second reinforcing fibers 6. 

30 An example of the second emt>odiment will be described below. 

CariX)n fibers and polyester fibers (trademartc : Vectran, manufactured by Kurare) were respectively used 
as the rigid first reinforcing fibers and the tough second reinforcing fibers. The carbon fibere and the polyester 
fibers were provided on the respective surfaces of the support sheet at a unK weight of 175 g/m^ and In one 
direction thereof to form a hyt>rid reinforcing fiber sheet. 

35 The modulus of eiasliclty of the used carbon fibers was 23.5 ton/mn^ in strand strength measurement 

method (JIS method), and the elongation thereof was 1.4%. The modulus of elasticity of the used polyester 
fibers was 8.5 ton/mm^, and the elongation thereof was 2.5%. 

After the first and second reinforcing fibers of the hybrid reinforcing fiber sheet were impregnated wrth the 
matrix resin which was room-temperature setting type epoxy resin, the matrix resin was left at room temperat- 

40 ures to make it set. by which hybrid fiber reinforced plasUc was obtained. Samples of the obtained fiber rein- 
forced plastic had a width of 1 5 mm. Tests were conducted by applying a vertical load to the samples to nwasure 
the loads and elongaUons at the initial and final mptures and thereby examine the effect of the fiber reinforced 
plastic made from the hyt>rid reinforcing fiber sheet according to the present invention. 

For comparison, a reinforcing fiber sheet was manufactured by providing the carbon fibers employed in 

45 the above example on the two surfaces of the support sheet at a unit weight of 1 75 g/nr>2 and In one direction. 
The cart)on fibers were impregnated with the matrix resin and then left to make the n^trix resin set The same 
tests were conducted. 

Table 1 shows the results of the tests. 
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In Table 1, the loads at the Initial and final aiptures are the average values of those obtained In the tests 
conducted seven times, and the elongations are the average values of five values. The nunrwrals in parentheses 

30 are CV (coefficient of variation) values which Indicate the degree of variation. The rigidity Is the rigidity of the 
entire fiber reinforced plastic indicated in the form of load/elongation. The fracture energy is calculated by 
triangle approximation from the stress-strain curve similar to those shown in Figs. 9 and 10. 

As Is dear from Table 1, since the hybrid reinforcing fiber sheet with rigid carbon fil>ers and tough polyester 
fibers provided thereon is used to obtain a fiber reinforced plastic In the present Invention, the elongation and 

35 fracture energy are about 2.5 tinnes those of the non-hybrid fiber reinforced plastic obtained from the reinforced 
fiber sheet with only the carbon fibers provided thereon, although the load at the final rupture is smaller. Con- 
sequently, fracture of the reinforcing fibers does not cause immediate final rupture, and safety of the reinforced 
structures with the fiber reinforced plastics is thus assured. 

40 Third Embodiment 

Fig. 14 Is a cross -sectional view of a third embodiment of the reinforcing fiber sheet 1 according to the pre- 
sent Invention. 

The reinforcing fiber sheet 1 of this emtxxJiment differs from that of the second embodiment in that the rigid 
45 first reinforcing fit>ers 4 and the lough second reinforcing fibers 6 are provided In one direction on one of the 
surfaces of the support sheet 2 through the adhesive layer 3. Other configurations of this embodiment are the 
same as tfiose of tt>e second emt>odiment 

When the reinforcing fiber sheet 1 of this embodiment ts manufactured, the fiber bundles 4A and 6A of the 
reinforcing fibers 4 and 6 are aligned on the adhesive layer 3 fonmed on one of the two surfaces of the support 
50 sheet 2 dose to each other or apart from each other, as shown In Rgs. 15 (a) and 16 (a), as In the case of the 
first emt)odiment Figs. 15 (b) and 16 (b) show the arrangement of the reinforcing fibers 4 and 6 obtained from 
the altgnment of the fiber bundles 4A and 6A shown In Figs. 15 (a) and 16 (a). 

The hybrid reinforcing fiber sheet 1 described above can be nnanufactured continuously In the manner 
shown in, for example. Rg. 17. 
55 More specifically, after an adhesh^e is coated on the support sheet 2 supplied from the sheet supply roll 

26 by means of the adhesive coating roll 27 to fonm the adhesive layer 3. the sheet 2 Is fed to the pressing 
portion 39. Concurrently wHh this, the rigid first reinfordng fiber bundles 4A and the tough second relnfordng 
fiber bundles 6A are respectively fed from reinforcing fiber supply rolls 20a and 20b into the pressing portion 
39 where they are aligned on the adhesive layer 3 in one direction. Also, the sheet of release paper 29 is fed 
from the release paper roll 30 into the pressing portion 39 where the release paper 29 Is placed on the fiber 
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bundles 4A and 6A. 

In the pressing portion 39, the fiber bundles 4A and 6A are pressed and thereby adhered to the surface of 
6 the sheet 2 through the layer of adhesive 3 in a slightly unfastened state by means of the pair of pressing rollers 
38a and 38b. Thereafter, the sheet of release paper 29 is rolled on the release paper roll 31 , by which the hybrid 
reinforcing T\bei sheet 1 with the rigkJ first reinforcing fibers 4 and the tough second reinforcing fibers 6 disposed 
on one surface of the support sheet 2 through the adhesive layer 3 in one direction Is obtained. 

After the reinforcing fibers 4 and 6 of the reinforcing fiber sheet 1 are covered with the cover fBm 33 supplied 
10 from film supply roll 32, when necessary, the reinforcing fiber sheet 1 is rolled on the sheet roll 34. 

Reinforcement of structures using the hybrid reinforcing fiber sheet 1 of this ennt>odiment is conducted in 
the same manners as those shown in Figs. 5 to 7. 

According to the reinforcing method which uses the reinforcing fiber sheet 1 of this embodinwnt, a troub- 
lesome work of thermosetting the matrw resin at the reinforcement cite can be eliminated, and workablity of 
IS the reinforcement of stmctures using the fiber reinforced plastic can thus be enhanced. Furthermore, reinfor- 
cement of a curved portion is made possible. Furthermore, the use of the hybrid reinforcing fiber sheet 1 
increases the fracture and toughness strengths of the structure, as In the case of the second emtKMJknent 
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Fourth Emt>odlment 



In this embodiment, the method of reinforcing structures without using the hybrid reinforcing fiber sheet, 
which ensures the same effect as that obtained In the case wherein the hybrid reinforcing fiber sheet Is used, 
will be described. 

In the aforementioned second and third embodiments, the hybrid reinforcing fiber sheet 1 provided using 
25 the rigid first reinforcing fibers and tough second reinforcing fibers is used to obtain a hybrid fiber reinforced 
plastic. In this embodiment, in order to obtain a fik>er reinforced plastic as effective as the hybrid fiber reinforced 
plastic, the reinforcing fiber sheet 1 (called the first reinforcing fiber sheet) using the rigid first reinforcing fibers 
4. shown In Fig. 18 (a), and the reinforcing fiber sheet 1 (called the second reinforcing fiber sheet) employing 
the tough second reinforcing fibers 6. shown in Fig. 18 (b), are used for reinforcennenL 
30 The first and second reinforcing fiber sheets 1 are respectively unldlrectionally arranged reinforcing fiber 

sheets obtained by respectively providing the reinforcing fibers 4 and 6 on one of the surfaces of the support 
sheets 2 through the adhesive layers 3 in one direction. 

The reinforcing fibers 4 and 6 employed in this embed ment and other configurations are the same as those of 
the second and third embodlnrwnts, 
35 Each of the first and second reinforcing fiber sheets 1 is used for reinforcing the structure in a number of 

at least one from the gist of this reinforcing method. 

However, either first or second reinforcing fiber sheet 1 or both the first and second reinforcing fiber sheets 1 
may be used In at least two depending on the degree of reinforcement conducted on the portion to be reinforced. 
Furthennore, the first and second reinforcing fiber sheets 1 are piled alternately or in other ways. Also, the rein- 
forcing fiber sheet which Is first placed on the portion to be reinforced may be erther the first or second reinforcing 

fiber sheet 1. . r-, c ♦ -y 

In this embodiment, reinforcement Is conducted in the simflar manners to those shown in Figs. 5 to 7. 
More specifically. In one prefen-ed fonri of the present invention, the roonvtemperature setting type matrix 
resin is coated on the reinforcing fibers 4 and 6 of the first and second reinforcing fiber sheets 1 by means of 
adequate coating means, such as a roller, a brush or by spraying, at the reinforcement site of structures, such 
as bridges or the piers of elevated roads. Thereafter, the first and second reinforcing fiber sheets 1 are attached 
to the portion 15 to be reinforced in a desired order and in a desired number with the reinforcing fibers 4 and 
6 facing the portion 15 to be reinforced, as shown in Fig. 19. After impregnation operation of the matrU resin 
is further conducted using a hand roller or the like, the reinforcing fiber sheets are covered with the press tape 
and then left untouched to set the matrix resin and thereby make the first and second reinforcing fiber sheets 
1 fiber reinforced plastics. In this way. reinforcement of a stmcture using the hybrid fiber reinforced plastic 
obtained from the first and second reinforcing fit>er sheets 1 is performed. 

In another preferred fonn of the present invention, a roonvtemperature setting type matrix resin 1 8 is coated 
on the portion 15 to be reinforced to a thickness of. for example, about 100 ^m, as shown In Fig. 20. Thereafter, 
55 a desired number of first and second reinforcing fiber sheets 1 are piled and pressed with the reinforcing fibers 
4 and 6 facing the portion to be reinforced 15. by which the sheets 1 are attached and at the same time the 
reinforcing fitters 4 and 6 are impregnated with the matrix resin 18. 

In a case where the support sheet 2 is not the resin-penetrable type, each time the sheet 1 Is placed on the 
previously placed sheet 1 . the matrix resin may be coated on the support sheet 2 of the previously placed sheet 
1 Thereafter the first and second reinforcing fiber sheets 1 are covered with the press tape, and then left for 
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a while to make the matrix resin set and thereby make the first and second reinforcing fiber sheets 1 fiber rein- 
forced plastics. In this way, reinforcement of structures using the hybrid fiber reinforced plastic is conducted 

5 as in the aforementioned case. 

In another preferred form of the present invention, Hrst and second reinforcing fit>er sheets 1 with the resin- 
F>enetrable type support sheets 2 are used. As shown in Fig. 21 , a resin of the same type as the matrU resin 
is coated on the portion 15 to t)e reinforced as a primer 16, and a desired number of first and second reinforcing 
fit>er sheets 1 are then pBed on top of another on the primer 16. Thereafter, the roonrntemperature setting matrix 

10 resin 18 is coated on the outermost sheet 1 by means of a roller or the like. The matrix resin penetrates the 
sheets 2 and then enters the reinforcing fibers 4 and 6. Thereafter, the first and second reinforcing fitter sheets 
1 are covered with the press tape and then left untouched for a white to make the matrix resin 18 set and thereby 
make the first and second reinforcing fiber sheets 1 fiber reinforced plastics. In this way. reinforcement of struc- 
tures using the hybrki fitter reinforced plastics Is conducted, as in the case of the aforementioned cases. 

15 In the above-described reinforcing methods according to the present embodiment also, reinforcement of 

structures using the hyt>rid fit>er reinforced plastk:s is conducted. Consequently, fracture strength and fracture 
toughness of the structure can be increased, as In the case of the second and third embodiments. 
An example of the fourth embodiment will be described below. 

Cart>on fibers were provided on the support sheet as the rigid first reinforcing fibers at a unit weight of 175 
20 g/m^ and In one direction to manufacture the first reinforcing fiber sheet. Polyester fibers (trademark : Vectran, 
manufactured by Ku rare} were provided on the support sheet as the tough second reinforcing fit>ers at a unit 
weight of 175 g/m* and In one directton to manufacture the second reirrforclng fiber sheet 

The modulus of etastidty of the used cart>on fibers was 23.5 ton/mm^ in strand strength measurement 
method (JIS n>ethod), and the elongation thereof was 1.4%. 
25 The modulus of elasticity of the used polyester fil>ers was 8.5 ton/mm^, and the elongation thereof was 2.5%. 

After the reinforcing fibers of the first and second reinforcing fiber sheets were impregnated with the matrix 
resin which was a room-temperature setting type epoxy resin, the first and second reinforcing fiber sheets were 
adhered to each other and left at room temperatures to make the matdx resin set, by which the hybrid fiber 
reinforced plastic was obtained. Samples of the obtained fiber reinforced piastic had a wklth of 15 mm. Tests 
30 were conducted by applying a vertical load to the samples to measure the k)ads and elongations at the Initial 
and final ruptures and thereby examine the effect of the fiber reinforced plastic made from the unidb^ectionalty 
oriented reinforcing fiber sheets according to the present invention. 

For comparison, reinforcing fiber sheets were manufactured by providing the cart>on fibers employed In 
the above example on the support sheets at a unit weight of 175 g/m^ and in one direction. The cartoon fit>ers 
35 were impregnated with the matrix resin. Thereafter, the reinforcing fiber sheets were adhered with each other 
and then left lo make the matrix resin set. The same tests were conducted on the samples. 
TabUe 2 shows the results of the tests. 
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In Table 2, the loads at the Initial and final fractures are the average values of those obtained In the tests 
conducted seven times, and the elongations are the average values of ffve values. The numerals In parentheses 

30 are CV (coefficient of variation) values which indicate the degree of variation. The rigldky Is the rigidity of the 
entire fiber reinforced plastic indicated in the fonm of load/elongation. The fracture energy Is calculated by 
triangle approximation from the stress-strain curve similar to those shown in Figs. 9 and 10. 

As Is dear from Table 2. since the first reinforcing fiber sheet employing the rigid cart)on fibers and the 
second reinforcing fiber sheet using the tough polyester fibers are used to obtain a hybrid fiber reinforced plastic 

35 in the present Invention, the elongation and fracture energy are about 2.5 times those of the non-hybrid fiber 
reinforced plastic obtained from the two reinforced fiber sheets with only the carbon fibers provided thereon, 
although the load at the final rupture Is smaller. Consequently, fracture of the reinforcing fibers does not cause 
immediate final rupture, and safety of the reinforced structures with the fiber reinforced plastics is thus assured. 

40 Fifth Embodiment 

This embodiment is characterized in that a curing accelerator agent for accelerating the setting of the room- 
temperature setting type matrix resin is present in the adhesive layer 3 of the reinforcing fiber sheet 1 which is 
the same as that of the first embodiment described with reference to Fig. 1. Setting of the matrtx resin Is con- 

45 ducted due to the presence of the curing agent Other configurations of the reinforcing fiber sheet 1 of this embo- 
diment are the same as those of the reinforcing fiber sheet 1 of the first embodiment 

Generally, curing agent and curing accelerator are added to the matrix resin. The curing agent and curing 
accelerator are present in the room-temperature setting type matrix resin used in the first to fourth embodiments 
also. In this embodiment. In order to prolong the pot life of the roonvlemperature setting typo matrix resin and 

60 thereby facilitate handling of the resin at the reinforcement sKe. a curing accelerator is added not to the matrix 
resin but to the adhesive layer 3 of the reinforcing fiber sheet 1 . 

In this way. the room-temperature setting type matrix resin remains unset until the matrix resin Is Impreg- 
nated with the reinforcing fibers 4 of the reinforcing fiber sheet 1 and the roonvtemperature curing agent present 
In the matrix resin Is thereby mixed with the curing accelerator present In the adhesive layer 3 of the reinforcing 

65 fiber sheet 1. Consequently, the pot life of the matrix resin can be prolonged, and handling of the resin can 
thus be facilitated. As a result reinforcement wort^ needs not be hastened wrth setting of the matrix resin taken 
into consideration, and woricability can further be improved. Once the reinforcing fibers 4 are Impregnated with 
the room-temperature type matrix resin and the curing agent Is thereby mbced with the curing accelerator, the 
setting reaction progresses and the matrix resin thus sets rapidly. Therefore, there is no problem Involving the 
setting of the matrix resin. 
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Selection of the curing accelerator is adequately made depending on the type of matrix resin or curing agent 
added to the matrix resin. When an unsaturated polyester type resin, such as unsaturated polyester resin or 
5 vinyl ester resin, is used as the matrix resin, a peroxide type curing agent, such as methyl ethyi ketone peroxide, 
is used as the curing agent and a cobalt type curing accelerator, such as cobalt naphthenate, is used as the 
curing accelerator. 

Reinforcement of structures using the reinforcing fiber sheet 1 of this embodiment Is conducted in a manner 
similar to those shown In Figs. 5 to 7. 

10 According to the reinforcing method which employs the reinforcing fiber sheet 1 of this embodiment, a troub- 

lesome wortc of thermosetting the matrix resin at the reinforcen^nt site can be eliminated, and worlcablity of 
reinforcement using the fiber reinforced plastic can thus be enhanced, as in the first embodiment. Furthermore, 
reinforceoient of a curved portion is made possible. 

Furthenmore. in this embodiment, since the room-temperature setting type matrix resin remains unset until 

15 the matrix resin is impregnated with the reinforcing fibers 4 of the reinforcing fiber sheet 1 and the room-tenv 
perature curing agent present in the matrix resin is thereby mixed with the curing accelerator present In the 
adhesive layer 3 of the reinforcing fiber sheet 1, handling of the resin can be facilitated, and reinforcement wori^ 
needs not be hastened with setting of the matrix resin tai^en Into consideration. This Improves workability of 
the reinforcenrwnt worK 

20 In this emt>odiment, one type of reinforcing fibers 4 Is used. However, two types of reinforcing fibers, the 

rigid reinforcing fibers 4 and the tough reinforcing fibers 6. may also be used to provide a hybrid reinforcing 
fiber sheet, as in the cases shown in Figs. B and 14. 

In that case, the pot life of the matrix resin can be prolonged and handling of the matrix resin used for rein- 
forcing structures can thus be facilitated by adding the curing accelerator for accelerating setting of the room- 
25 temperature setting type matrix resin to the adhesive layer 3 of each reinforcing fiber sheet 1 . 
Examples of this embodinnent will now be described below. 

Glass doth EPC031 . manufactured by Artsawa Seisakusho, was used as the support sheet An epoxy resin 
film with cobalt naphthenate added thereto as the curing accelerator was used as the adhesive layer. Rein- 
forcing fiber sheets (called reinforcing fit>er sheets with a curing accelerator therein) were nnanufactured by pro- 

30 viding glass fibers (GF) on the resin films on the support sheets. The obtained reinforcing GF sheets were 
impregnated with the room-temperature setting type matrix resin which was an unsaturated polyester type resin 
to estimate the setting characteristics (amount of ren^ining styrene) and thereby examine the effect of presence 
of the curing accelerator for the roonvtemperature setting type matrix resin in the adhesive layer of the reirv 
forcing fiber sheet according to the present invention. 

35 The unit weight of glass fibers in the reinforcing GF sheet was 350 g/m^. A combination of Ep'ikote 1001 

and Eptkole 828, manufactured by Yuka Shell K.K., was used as the adhesive epoxy resin film. Nodex CO 8% 
(8% cobalt naphthenate dispersed in mineral turpentine), manufactured by Harima Kasei K.K., was used as 
cobalt naphthenate. Epoxy resin film with the curing accelerator agent added thereto was a resinous solution 
in which Epikote 1001 . Epikote 828 and 8% Nodex CO were present In a weight ratio of 73 : 7 : 20. This epoxy 

40 resin film with the curing accelerator added thereto was coated at a unit weight of 18 g/m^ 

The glass fibers of the reinforcing GF sheet were impregnated with the matrw resin by laminating on a PET 
film first the matrix resin, then reinforcing GF sheet, the matrix resin again, the reinforcing GF sheet again and 
finally the matrix resin. For setting, the n^lrix resin was left for eight days at room temperatures. 

Two types of unsaturated polyester type resins, unsaturated polyester resin (UP) and vinyl ester resin (VE), 

45 were used as the room-temperature setting type matrix resin. Showa Kobunshi Regolak 150 HRN/Cayanr>ek 
M (fwlEKPO) (MEKPO : a curing agent for unsaturated polyester, methyl ethyl ketone peroxide) were used as 
the unsaturated polyester resin/the curing agent As the vinyl ester resin/the curing agent Repoxy R-802/328E 
(328E : a curing agent for vinyl ester resin, manufactured by Kayaku Akuzo) were used. 

For comparison, a reinforcing GF sheet (nonmally used reinforcing fiber sheet) was manufactured by pro- 

50 viding glass fibers on the adhesive layer on the support sheet The adhesive layer was the epoxy resin film to 
which no curing accelerator was added. The glass fibers were Impregnated with the n^trbc resin in which cobalt 
naphthenene was present as the curing accelerator to estlnnate the setting characteristics of the matrix resin. 
The glass fibers of the reinforcing fiber sheet were also Impregnated with the matrix rosin in which no cobalt 
naphthenate was present to examine the setting characteristics of that matrix resin. 

55 Tat>l6 3 shows the results of the examinations. 
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40 As can be clear from Table 3. in Example Nos.1 and 2 of the present invention, since the curing accelerator 

agent was added not to the matrix resin but to the adhesive layer, the pot life of the nxatrix resin increased to 
ten hours, like the case of Comparative Example No. 5, and the impregnation operation of the reinforcing fibers 
with the matrix resin, which was conducted by the lamination of the reinforcing GF sheets and the matrix resin, 
had not be hastened. Furthermore, since the matrix resin was left at room temperatures for eight days for setting. 

45 the amount of remaining styrene reduced to 2.3 to 3.2 wt%. which showed excellent setting of the matrix resin, 
as in the cases of Comparative Example Nos. 3 and 4 in which the curing accelerator agent was added to the 
matrix resin (in which the amount of styrene remaining in the matrix resin was 1.7 to 2.1 wt%). 

In comparative Example Nos. 3 and 4, although the setting characteristics of the matrix resin were excellent, 
the pot life was twenty minutes and impregnation work had to be hastened with setting of the matrix resin taken 

50 into consideratton. In ComparaUve Example Ho. 5. although handling of the matrix resin was easy, since curing 
accelerator was added to neither the adhesh^e layer nor matrU resin, setting of the matrU resin did not occur 
when the resin was left at room temperatures for eight days. 

When the reinforcing fiber sheet 1 with the reinforcing fibers 4 provided on the support sheet 2 through the 
adhesive layer 3 is used for reinforcing structures, the room-temperature setting type matrix resin is impreg- 

55 nated with the reinforcing fibers 4 at the reinforcement site. At that time, since the curing accelerator for 
accelerating setting of the matrix resin is added not to the matrix resin but to the adhesive layer 3 of the rein- 
forcing fiber sheet 1 in this embodiment, the pot life of the n^trix resin can be prolonged, and handling thereof 
can thus be Improved. 

As wai be underetood from the foregoing description, when the reinforcing fiber sheet according to the pre- 
sent inventk>n is used for reinforcing slrijctures. the reinforcing fibers thereof are impregnated with the matrix 
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resin at the reinforcement site, and then the reinforcing fiber sheet is placed on the portion to be reinforced 
and then left as it is to make it a fiber reinforced plastic. Consequently, workability of reinforcement work of 
5 strvictures, such as bridges or elevated roads, can be enhanced. Furthermore, since the reinforcing fiber sheet 
te a sheet on which reinforcing fibers are anranged in one direction, the resultant fiber reinforced ptasticensures 
Increased reinforcement strength, Furthennore. since the curing accelerator for accelerating setting of the mat- 
rix resin Is added not to the matrix resin but to the adhesive layer of the reinforcing fiber sheet the pot life of 
the matrix resin can be prolonged, and workability of the reinforcement work is thus further improved. 



Claims 



1. A reinforcing fitter sheet (1) comprising : 
1$ a support sheet (2) ; and reinforcing fibers (4) arranged in one direction on one of the surfaces of 

said support sheet with an adhesive layer (3) theret>etween. 



2, A reinforcing fiber sheet according to claim 1, wherein the reinfordng fibers include rigid first reinforcing 
fibers (4) and tough second reinforcing fibers (6). 

20 

3. A reinforcing fiber sheet (1 ) comprising : 

a support sheet (2) ; and reinforcing fibers (4, 6) arranged in one direction on both surfaces of the 
support sheet (2) with adhesive layers (3) therebetween. 

25 4. A reinforcing fiber sheet according to claim 3. wherein the reinforcing fibers (4) arranged on one of the sur- 
faces of the support sheet are rigid first reinforcing fibers, and the reinforcing fibers (6) arranged on the 
other surface of the support sheet are tough second reinforcing fibers. 

5. A reinforcing fiber sheet according to any of daims 2 to 4, wherein the first reinforcing fil>ers (4) have a 
30 modulus of elasticity of 5 ton/mm^ or above, and the second reinforcing fibers (6) have an elongation at 

rupture of 1 .2% or above which is higher than the elongation at rupture of the first reinforcing fibers by 20% 
or above. 

6. A reinforcing fiber sheet according to any one of claims 1 to 5. wherein the support sheet (2) is of the re- 
35 sin-penetrable type. 

7. A reinforcing fiber sheet according to any one of claims 1 to 6, wherein the support sheet (2) comprises a 
glass doth having a thickness of 100 ^m or less. 

40 8, A reinfordng fiber sheet according to any one of daims 1 to 7, wherein the adhesive layer (3) contains a 
curing accelerator for accelerating setting of a room-temperature setting type matrix resin (18), which is 
conducted due to the presence of a curing agent 



9. A reinfordng fiber sheet according to daim 8, wherein the matrix resin (18) comprises an unsaturated 
45 polyester resin in which a peroxide type setting or curing agent is present, the adhesive layer comprises 

an epoxy resin, and the curing accelerator comprises a cobalt type curing accelerator. 

10. A method of manufacturing a reinforcing fit>er sheet (1) in which reinforcing fit>ers (4) are arranged In one 
direction on at least one surface of a support sheet (2) with an adhesive layer (3) therebetween, said method 

so comprising the step of : 

adhering the reinforcing fibers (4) to the at least one surface of the support sheet (2) by means of 
the adhesive layer (3). 

11. The method of manufacturing a reinforcing fiber sheet according to daim 10, wherein bundles of the reln- 
55 fordng fit>ers (4) a re -aligned In one direction on the adhesive layer (3) apart from each other or dose to 

each other and then pressed from above to adhere the reinfordng fibers to the adhesive layer in a slightly 
unfastened state and thereby arrange the reinforcing fitters on the at least one surface In one direction 
through the adhesive layer. 



12. A method of reinforcing a structure comprising the steps of : 
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attaching to a surface of a portion of the structure (15) to be reinforced at least one reinforcing fiber 
sheet (1) comprising a support sheet (2) and reinforcing fibers (4) arranged in one direction on at least one 
5 surface of the support sheet with an adhesive layer (3) therebetween ; and 

setting a room-tennperature setting type matrix resin (18) impregnated in the reinforcing fibers. 

13. A method of reinforcing a structure according to claim 12, wherein the reinforcing fibers (4) are impregnated 
with the matrbc resin (a) by coating the matrix resin (18) on the reinforcing fit>er elieet (1) before the rein- 

10 forcing fiber sheet is attached to the surface of the portion of the structure (15) to be reinforced, or (b) by 

coating the matrix resin (18) on the surface of the structure (15) to be reinforced and then by attaching the 
reinforcing fiber sheet (1) to the surface of the portion to be reinforced, or (c) by attaching the reinforcing 
fiber sheet (1) to the surface of the structure (15) to be reinforced and then by coating the matrix resin (18) 
on the reinforcing fit>er sheet (1). 

IS 

14. A method of reinforcing a structure according to daim 12 or claim 13, wherein a curing agent and a curing 
accelerator are present In the room-temperature setting type matrix resin (18), or a curing agent is present 
In the room-temperature setting type matrix resin (18) and a curing accelerator b present In the adhesive 
layer (3). 

20 
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